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Abstract. For very heavy quarks, the two heavy quarks in a doubly heavy baryon are expected
to form a pointlike, heavy diquark in an antitriplet color configuration. In this limit the dynamics
of the light degrees of freedom ‘factorize’ from the dynamics of the heavy diquark system, and
a superflavor symmetry emerges which relates the properties of doubly heavy baryons to heavy
mesons. The charm quark may not be heavy enough for the cc diquark in a Ξcc to be regarded
as pointlike. However, there are indications from the results of a nonrelativistic constituent quark
model that many of the consequences of factorization emerge even though the model does not
assume a quark-diquark structure and the mean separation of the two heavy quarks in the model
is not small. We discuss the consequences of factorization for the spectroscopy of doubly heavy
baryons and compare these consequences to results from a quark model. We also discuss the
possibility of treating the strange quark as a heavy quark and applying these ideas to the Ξ.
Keywords: Doubly Heavy Baryons; Cascades; Strong Decays; Heavy Quark Symmetry; Quark
Models.
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INTRODUCTION
There are indications from models that a rich symmetry emerges for baryons with two
heavy quarks (Doubly Heavy Baryons or DHBs). For infinitely heavy quarks the two
heavy quarks will form a pointlike heavy diquark [1]. If the heavy diquark is indeed
pointlike then the physics of the light degrees of freedom will be independent of the
physics of the heavy diquark [2, 3, 4]. Furthermore, one expects that the total angular
momentum of the heavy diquark will decouple from the total angular momentum of the
light degrees of freedom in analogy to Heavy Quark Symmetry (HQS) [2, 5]. Therefore,
one expects that the properties of the light degrees of freedom will be independent of the
diquark’s flavor, excitation state, and total angular momentum [2]. There are indications
from a model [6] that a pointlike diquark may not be a necessary condition for this Heavy
Diquark Symmetry (HDS) to emerge [2, 7].
For this note we focus on the implications of this symmetry for pion emission. The
decoupling of the total angular momentum of the heavy diquark implies that states will
exist in degenerate multiplets similar to those of HQS [2, 5, 7]. Partial widths of strong
decay transitions between multiplets will be related by spin-counting arguments [7]. In
practice it is possible to describe all of the pion-emission decays between two multiplets
in terms of a single amplitude. These amplitudes are expected to be independent of the
heavy diquark’s flavor and excitation state. We discuss this in more detail in Ref. [7].
In this paper we extract a few of these amplitudes using the wave functions from a
nonrelativistic quark model (the Roberts-Pervin or RP model [6]) and the 3P0 model for
TABLE 1. Pion-emission HDS amplitudes for transitions from the parent multiplet listed to the daughter multiplet listed. The amplitudes
are arranged in matrix form with the parent baryon’s position in the multiplet corresponding to the column of the matrix and the daughter
baryon’s position in the multiplet corresponding to the row of the matrix. These decay amplitudes are extracted from the 3P0 model using
quark model wave functions taken from the RP model [6]. Phase space has been divided off as well as the appropriate spin-counting factors.
Thus, all of the amplitudes, in each section of the table should be equal, according to lowest order HDS predictions. The entries in each set of
parentheses are equal because of spin-counting arguments, the entries in different columns are equal because of the diquark flavor symmetry,
and the entries involving different excitation states of the heavy diquark are equal because of the excitation symmetry. The decay modes
omitted are forbidden by spin-counting arguments. In the section of the table below the DHB results are analogous results for Ξ, Ξc, and Ξb
baryons obtained by treating the strange quark as a heavy quark. All of the amplitudes given below correspond to a unique transition of the
light degrees of freedom. Therefore, lowest order HDS predicts that they should all be equal.
Parent Multiplet JPaa Daughter Multiplet J
Pb
b HDS Amplitude (GeV−
1
2 )
Ξcc Ξbc Ξbb
13S1 ⊗ 1P1
2
( 12
−
,
3
2
−
) 13S1 ⊗ 1S 1
2
(
1
2
+
3
2
+
) (
0.708 −
− 0.786
) (
0.724 −
− 0.738
) (
0.748 −
− 0.774
)
11P1 ⊗ 1P1
2
( 12
+
,
3
2
+
) 11P1 ⊗ 1S 1
2
(
1
2
−
3
2
−
) (
0.607 −
− 0.710
) (
0.605 −
− 0.702
) (
0.600 −
− 0.689
)
Ξ Ξc Ξb
13S1 ⊗ 1P1
2
( 12
−
,
3
2
−
) 13S1 ⊗ 1S 1
2
(
1
2
+
3
2
+
) (
0.486 −
− 0.667
) (
0.628 −
− 0.653
) (
0.637 −
− 0.625
)
11P1 ⊗ 1P1
2
( 12
+
,
3
2
+
) 11P1 ⊗ 1S 1
2
(
1
2
−
3
2
−
) (
0.535 −
− 0.635
) (
0.564 −
− 0.672
) (
0.578 −
− 0.678
)
DISCUSSION AND RESULTS
Table 1 shows the pion-emission HDS amplitudes extracted from the model for the
case where the light degrees of freedom transition from an excited state with angular
momentum Jl = 12
−
to the ground state with Jl = 12
+
. The top half of the table shows
results for DHBs and the bottom half shows analogous results obtained for Ξ, Ξc, and Ξb
baryons by treating the strange quark as a heavy quark. Lowest order HDS predicts that
all of the amplitudes in the table below should be equal. However, the RP model does
not assume a point-like diquark and it also includes symmetry breaking spin interactions.
For DHBs (top half of Table 1) one can see that the effect of these symmetry breaking
interactions tends to decrease as the mass of the heavy quarks increase. For baryons
in which the strange quark is treated as a heavy quark (bottom half of Table 1), spin
dependent corrections seem to be much more important as one would expect.
Conclusions
We have presented a small sample of HDS predictions. In these results 24 partial
widths are approximately determined by a single amplitude. More results are presented
in Ref. [7].
ACKNOWLEDGMENTS
We gratefully acknowledge the support of the Department of Physics, the College of
Arts and Sciences, and the Office of Research at Florida State University. This research
is supported by the U.S. Department of Energy under contract DE-SC0002615.
REFERENCES
1. M. J. Savage and M. B. Wise, Phys. Lett. B 248, 177 (1990).
2. B. Eakins, W. Roberts, Int. J. Mod. Phys. A. 27, 1250039 (2012), arXiv:1201.4885
[nucl-th].
3. V.V. Kiselev and A.K. Likhoded, Phys. Usp. 45, 455 (2002) (Usp. Fiz. Nauk 172,
497 (2002)). arXiv:hep-ph/0103169.
4. S.S. Gershtein, V.V. Kiselev, A.K. Likhoded, and A.I. Onishchenko, Phys. Rev. D
62, 054021 (2000).
5. N. Isgur and M. B. Wise, Phys. Rev. Lett. 66, 1130 (1991).
6. W. Roberts and M. Pervin, Int. J. Mod. Phys. A 23, 2817 (2008), arXiv:0711.2492.
7. B. Eakins and W. Roberts, arXiv:1207.7163 [nucl-th]. Submitted to Int. J. Mod.
Phys. A.
